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SUMMARY

Resultsme presentedfrompitot-staticandhot-wire-emometer
surveysat low speedof theflowovera thin,sharp-edgeairfoilwhich
simulateda fb.tplate. The investigationwas undertakento obtain
detailedmeasurementsof theflowassociatedwiththe 80-calledthin-
airfoiltypeof stall. Themeasurementswereobtainedfor anglesof
attackof 2°,4°,and @ at a Reynoldsnumberof 4fl@. Datasre
presentedin graphical.as wellas tabularform.

It wasfoundthatthelargeregionsof reverseflow(bubbles)which
me characteristicof theflowfor a thin-airfoilstallcannotbe con-
sideredregionsof “dead”air;msm velocities-ofabout0.3of thefree-
streamvelocityandvelocityfluctuationsup to 0i65of thelocalveloci-
tiesweremeasuredin theseregions.Thereverseflowappearsto be part
of a moregeneral.circulatoryor vortex-typeflow. Thelargestvelocity
fluctuations(absolutemagnitude)werefoundto occuralonga narrowband
in thedetachedflowabovethebubbles;thesefluctuationsamountedto
0.30of thefree-stresmvelocityandsre of the ssmerelativemagnitude
as havebeenobservedfor a
sonesrthelesdingedgeof
detected.

turiulent jet.
theplatethat

Thisturbulentflow
no separatedlaminar

originated
flowwas

INTRODUCTION

A classificationof stsllingsadtheaccompanyingflow-separation
phenamenaintothreecategoriesis presentedin reference1 for airfoil J
sectionsat low speed. Althoughstallingandflowsepsxationme con-
sideredonlyin two-dimensional-flow,the classificationsand illustrative
datacontainedin thereferencehaveprovenusefulin providingexplana-
tionsformanyflowphenomenawhichhavebeenencounteredin three-

.

dtiensionalflowfieldsaboutcompletewings(e.g.,ref.2). Thepresent -
reportis concernedsolelywiththeflowwhichis associatedwithwhat —

reference1 describesas thethin-airfoiltypeof stall. .
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Briefly,forthethin-airfoilstall;theflowseparatesfromthe
leadingedgeandsubsequentlyreattaches’tx-theuppersurfaceof theair-
foilat a positionalongthechordwhich.moyesprogressivelydownstream
withincreasingangleof attack.Thean&l_eof attackforwhichtheflow
firstseparatesis dependentprimarilyon thegeometry(roundness)of the
leadingedge. Whenthepositiono:.flow~re&ttachmentisnearthetrailing
edge,theliftcoefficientbeginsto decteasewithcontinuedincreases
in angleof attackand,forpresentpurp@e~jtheairfoilsectionis con-
sideredto havest&JJ_ed.A reverseflow:isestablishedinsidethelarge
regionunderlyingthedetachedflow;thisregionof reverseflowwill
hereinafterbe referredto as the “thin-airfoil”bubble. Thisthin-airfoil
bubbleshotidnotbe confused,however,tiththelaminar-separationbubble
discussed.inreference1 in connectionwiththeso-calledleading-edge
stall. Althoughthereappearsto be somerelationshipbetweenthethin-
airfoilandlminsr-separationbubbles(ref.1),thecharacteristicsof
thetwoarevastlydifferent.Specifictivestigationsof thelaminar- “-
separationbubblearereportedin refere~ces3, 4, and~.

Thedatawhichformthebasisfordefiningthethin-airfoilstallin
reference1 andtheprecedingbriefdescriy~ionwereoriginallyreported
by McCulloughandGaultfor an NACA64AOQ6airfoil(ref.6) andby Rose
andAltmanfora mcdifieddouble-wedgeairfoil(ref.7). It is pointed
outinreferences6 and7 thatthequant<ta-t$”vevalueof theflowsurveys
of thethin-airfoilflowis uncertaindueto limitationsin theexperi-
mentaltechniquesand”certaincharacteri~ticsof theflowpeculiarto
thin-airfoilstall.For thisreasononljalimitedamountof thesi.lrvey
datais presentedin thereferences, end‘theseareticludedwiththe
intentof..illustratingthegeneralfeatwres_ofthemeanflowratherthan
definingspecificdetailsof theflow. It Es to be..notedthatno cor-”.
rectionswereappliedto thesurveydatafor-theeffectsof theexceedingly
turbulentflowencounteredduringthein~estigationsnorwereanymeasure-
mentsobtainedin theregionof reverseflow.
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Theinvestigationreported.hereinw_@s-instigatedforthe specific_

??~ose ofiobtain~gmoredetailed~d refinedmeasurementsthanare ““:”’-““
availablein references6 and7 of thefl’ow“whichprecedesthethin-

.

airfoilstall..It wasanticipatedthatthe:resultswouldaid in clarifying““” ‘“
themechanicsof theflowassociatedwiththethin-airfoilstalland,at
thesametime,couldbe of valuein ascertainingdifferencesbetweenthe
thin-airfoilandlaininar-separationbubbles.-”

In orderto obtainas clearanddistinctan exampleof thethin-
airfoiltypeof separatedflowas possib~e,.athin,sharp-edgedairfoil

—

wasemployedforthisinvestigationwhich.effectivelysimulateda flat
plate. Surveysof theflowfromtheleading-edgeto the@-percent”chord -__
stationwereobtainedby pitot-staticand:hot-wireanemometertechniques, <
thelatterprovidingmeasurementsof bothmeansmdfluctuatingcomponents
of theflow. All surveyswereobtainedfora Reynoldsnumberof 4x108,
basedon thechordof theplate,and for@nglesof attackof 2°,4°,and ~:
6°. Thepressuredistributionsalongthe:surfaceof theplatealso“were . _._j
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thebulkof thedata,onlyrepresentativeresultsare
herein;however,alldataarepresentedin tabular

plate,

staticpressure

NOTATION

~ft
P-Pm

coefficient,~ ~

Pt---St
totslpressurecoefficient,

* pum2

staticpressure,lb/sqft

totalpressure,lb/sqft

resultantvelocity,ft/sec
(ThemesnresultantvelocityH is equal-toJ~2 +iiy2.)

fluctuatingcomponents
kc

Reynoldsnumber,~

velocityc~onents in
ft/sec -

of the

the x

resultantvelocity,ft/sec

andy directions,respectively,

referencevelocity,ft/sec

distancefromtheleadingedgealongflatsurfaceof model,ft

distancenormalfromthesurface,ft

angleof attack,deg
(Seediscussionundersectionentitled“TESTS.”)

directionof meanresultantvelocityE relativeto the
longitudinalaxisof thepitot-staticprobes,deg

densityof air,slugs/cuft

kinematicviscosity,ft2/sec

—
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directionof

surfaceof

meanresultantvelobity.iirelativeto theflat

mdel (6 = arctan Uy/Ex with-l&l”< 0 &180°—

,

lb

v-

and ~ positivewhendirectedawayfromthesurface),deg

Barredsyibols(e.g.,n)indicatethytsmpor~me~ of theq~titY.

Subscripts

free-streamconditions ; ~.

a measuredquantity(uncorrected~fortheeffectsof velocity
fluctuations)

H

APPARATUS‘

WindTunnel

Theinvestigationreportedhereinwab Conductedin oneof theAmes
7- by 10-footwti-dtunnels,modifiedto pr:ovidea 4-by 10-foottestsection
(fig.1). Thefslsefloorandceiling,approximately3 inchesthick,were
25 feetlongandextendedan equaldistancey@streamanddownstreamof
theoriginaltestsection.Hot-wiresmem~metermeasurementshaveindicated ‘“-”-
thattheturbulencelevelof thefreestrksn~~/~ is 0.15to 0.20
percent.

Model

Figure2 presentsdimensionsof the
graphof themciielinstaJJ-ed”inthewind

I .--

!...

>itiatedflatplateanda photo-
$unnel.Themodelspannedthe

J-footdimensionof themodifiedtestsectionandwasfabricatedfrom
steel,exceptfora thinmahoganyveneer@ theregionof therounded
crestlineof thedouble-wedgeprofileof:thg-lower‘surface.Static-
pressureorificeswereprovidedalongthe~ti.dsp~.stationof them~el~. “
Circularendplates,6 feetin dismeter,&ere.@ttachedto theendsof the
modelandservedas partsof thefalsefloorandceiling.Therectsnz.=.
fences(1by ~ feet)visiblein figure2,:wereaddedduringthecourseof
theinvestigationto improvethetwo-dime@i&-nalityoftheflow;thespan
betweenthefenceswas3.33feet.

.. . .=

—
—
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Flow-SurveyEquipment

Thesurveyapparatususedto obtainthepitot-staticandhot-wire
anemometermeasurementswasremotelycontrolledfromoutsidethetind
tunnel.Twodeviceswereemployed;one,showninfigure3, was capable
of traversing5 inchesh the y directionsnda secondmechanismof
similardesignwas capableof a 9-inchtraverse.Thefrsmesof these
devicesscrewedintoholestappedin thelowersurfaceof themodel.
Ninetappedholeswereprovidedalongthechord(3 inchesabovethemid-
spamstation)whichpe~tted flowsurveystobe madeat anychordwise

—

positionbetweentheleadingedgead the &)-percent-chordstation.When
notbeingused,thetappedholeswerefilledwithplugswhichhadbeen
“machinedas integralpartsof the surfaceduringconstructionof themodel.

Themechanicalcountershownin figure3 wasreadby telescopefrom
outsidethewindtunnel.Althoughtheleastcounton thecomter cor-
respondedto 0.0002-inchtraverse,backlashandothermechanicaltolerances
Mnited theaccuracyof positioningtheprobesto +0.002inch.

SurveyProbesud RelatedEquipment

Pitotstatic.-Photographsof thepitot-staticprobesemployedduring
thisinvestigationarepresentedas figure4.

...-
Boththeconventional.probe ..

andtheprobeusedformeasurementsof thereverseflowconsistedof four
0.030-inch-outside-diameterstatiess-steeltubes. The centertubeof
thethreetubesgroupedtogetherprovideda measureof thetotalpressure
whilethetwoadjoiningtubes,beveled45°,furnisheda me~s for ascer-
tainingthedirectione of themeanresultantflow ti.The single
static-pressuretubewas offsetlaterallyabout0.5inchfromthetotal-
pressuretubeandcontainedfour0.008-inch-diameterorifices,spaced
90°apart,at theplsneof survey.AU fourtubesweresolderedintoa
0.125-inch-outside-dismetertubewhichfittedtightlyintotheendsof
theprobeholders(seefig.3).

Hot wire.-Tungstenwirewitha nominaldiameterof 0.00015inch
wasemployedfor thehot-wireprobes. Thewires,approximately0.10inch
long,wereweldedacrosstheendsof twoO.010-inch-dismeterdrill-red
prongswhichwereembeddedin a 0.125-inch-dismeterbakelite-rdbase.
Theprongshadam unsupportedlengthof 0.75inchad weregroundto a
conicalshapeat theendswherethetungstenwirewas attached.The
bakelitebasefittedintothe sameholdersof thetraversingmechanism
as wereemployedfor thepitot-staticprobes.

The electronicequipmentrequiredfor obtainingmeasurementswith
thehotwireswasdesignedto operatethewiresat a constantmean
resistance(i.e.,variableheatingcurrent]throughoutthespeedrsnge.
Theamplifyingcircuithas a flatresponse(within2 percent)from
30cyclesto approx@ately40 kilocyclesper second;theresponseis down
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3 db at 8 cyclesand.55kilocycles.Thesimplifiercontainsa resistance-
capacitmcecircuitto compensateforthern@llag of thehotwires. The
square-wavetechniquedescribedby Kovaszna~@ reference8 was employed-
to ascertainthepropercompensation.For;the:mr%@qncemeasurements,
a mil.livoltmeterindicatestheoutputfrom:athermocouplewhichis heated—
by thecurrentoutputfromtheconq?ensatedpmplifier.A siwsoid.alout-
putfroma commercialoscillatorwasusedforcalibratingtheoutputfrom
thethermocouple.

Allwireswerecalibratedin a small(“2-by 7.5-inchtestsection)
windtunnel.Airwasdrawnthroughthiswipd.tunnelby mesnsof a
constant-speedcentri&-galblower. Speedqbntrol”wasobtainedby a
throttleon theblotirdischargelineaid~eloci.tiesup to approximately
400feetper secondWereattainable. : ---

..

P

----

EXPEWMENTALPROCEDUREAND PROBECAIZERATIONS

TestConditions .

Allmeasurementsof theflowaboutthesimulatedflatplatewere s
obtainedfora Reynoldsnumberof k~oe, bskedon thechordof theplate.
For averagetestconditionsthiscorresponq~to.a free-stre~velocitY

..

& of approxiWtely130feetper secondE@ a~ynamicpressureof 20
-. ●

poundsper squarefoot.
i

,..

me valuesof angleof attacklisted~er@_nme referenced.to t~t _.
singleof attackforwhichfree-streamtotal.pressurewasattainedat a
pressureorificein theO.020-inchthicklexing edgeof the..plate.Due _. ._ .
to thecsxiberin themodelthisreferenceshgle.is0.3°greatertha the
geometricangleof attackreferredto the@peY:(flat)surfaceof the

-.

plate. I ..+

Althoughmeasurementsof thesurfacepressuredistributionswere
obtainedforanglesof attackfrom-8° to @ in onedegreeincrements,
surveysof theflowabouttheplate.wereob,ta}iedonlyforanglesof

..-

attackof 2°,4°,and6°. For snglesless@sn 2°,theregionof
separatedflowwastoosmallto defineeasi~lyin anydetail.For angles
greaterthan 6°,thepositionof flowreattac~entwasdownstreamof
themostrearwardposition,forwhichflows~~eys couldbe obtained

. —

(x/c= 0.80). Thetypeof surveysandchozldw@estationsforwhich
measurementswereobtainedwe listedin thiefoI1.owingtable:

u

u
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x/c Igypeof survey

)
.01
.025
.05
.075
●10
●15

F5.totandtire
Pitotandwire
Pitot
Pitot=d wire
Pitot
Pitotandwire
Pitot

x/c

0.2
.23

;;5
.45

Typeof survey x/c Typeti mrvey

Pitotandwire
Pitot
Pitotandwire
Pitot
Pitot
Pitotandwire

.65

:;

Pitot
Pitot
Pitotandwire
Pitot
Pitot
Pitotandwire

Hot-wireanemometermeasurementswerealsomadeat severalstations
upstreamof theleadingedgesndresultssrepresentedforvaluesof
x/c Of -0.00025~d -0.00010.

AU.pressureswerereadto thenearest0.01inchof waterfrom
differentialreadingU-tubemanometers.Approximately60 feetof
0.063-inch-inside-diametertubingwere.employedin thelinesbetweenthe
probesad themanometers.Althoughthiscauseda 3- to 5-roinutetime
lagfor themanometersto attainequilibriumreadings,sucha proced~e
wasusedin orderto dampoutthelargeirregularpressurefluctuations
whicharecharacteristicof theflowunderconsideration.

Calibrationof Probes

Thepitot-staticprobeswerecalibratedpriorto md perimiically
concurrentwiththepitot-staticsurveys.Thesecalibrationswerecon-
ductedin an unmodified7- by 10-footwindtunnelanda typical.calibra-
tionispresentedin figure5. The.pitot-static,as wellas thehot-wire,
probeswerecalibratedin theholders(fig.3) as completeunits. Before
andaftereachrun (consistingof a singletraverseforfixedvaluesof
x/c anda) thehotwireswerecalibrated.Thisprocedurewasnecessary
becauseof changesin thecalibrationscausedby theaccumulationof
microscopicdirtpsrticleson thewires. ~ general,changesin the
calibrationsweresufficientlysmallso theycouldbe proratedon a time
basisfordata-reductionpurposes.Whenthechangesin the calibrations
wereexcessive,alldatawerediscardedandthemeaswementswererepeated.“---
Despitethepresenceof foreignmaterialin theairstream,tirebrea~e
wasa minorproblem.

CorrectionsAppliedto Datafor theEffectsof Turbulence —.

Allvsluesof mesmvelocitypresentedhereinhavehadcorrections
appliedfor the Mluence of theturbulentflowon thepitot-staticand
hot-wiremeasurements.Thebasesfor thecorrectionsme that: (1)
eitherallor partof theenergyof theturbulentflowis includedas pat
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of thepitot-static.yressures;and(2)thevoltage-velocityrelationship
fora hotwireis nonlinearfortheusualhot-wireanemometrypractice
in whichconstantcurrentismaintainedforanygivenvalueof themean
velocity.Theneteffect.oftheturbul.enc~is to causetheindicated
meanvelocitiesfromthepitot-staticmeasurement%tobe largerandfrom
thehot-wiremeasurementsto be smallerth&nthetruemeanvelocities.
For theextremelyhfghvaluesof turbulenc~e~counteredduringthepreserit
investigation,thedifferencesin themeas~e~meanvelocitiesbetween
thetwotechniquesamountedto as muchas 0.2of thefree-streamvelocity.

Detailsof themethcxlsfor cotirectingthepitot-staticandhot-wire
measurementsaredescribedinAppendixesAianjlB, respectively.Although
themethods””arerathercrude,it isbeliev4d~liatthecorrectionswe, in
geaeral,goodfirst-orderapproximationsfqrtheeffectsof theturbulent
flow. Theaccuracyof thefinalresultsis difficultto assess,but some
indicationof thevalidityof theprocedur$usedfor correctingthedata
for turbulenceis evidencedby thefactthattheresultsfromthehot-wire
andpitot-staticsurveysagreefor themostp~t .@thin3 or 4 percentof
thefree-streamvelocity.As mightbe expected,thegreatestdiscrepancies
(10to 20 percentof thefree-streamvelocity)occurforresultsobtained
in regionsof reversedflow. It is-to be dmpliasizedthatno”corrections”

m

—

—

—

—

have

were

beenappliedto themeasurementsof vel~cityfluctuations@@. r

RESUltPSANDDISCUSSION b

PreliminaryTests— ....

Priorto themainstudiesof thisinvestigation,a seriesof tests
madeto examineandimprovethetwo-d~mensionalityof theflowabout

thesimulatedflatplate. Thesetestswer+uiidertakentitertuftstudies ,
hadrevealedthat(withouttherectangularfe~cesshownin tig.2) span-
wiseflowdevelopedin theregionof separatedflowforabout3° angleof
attackandbecsmeverypronounced~or angles= attackof 5° or greater.
The”additionof thefencesdelayedtheonsetof thespanwiseflowindi-
catedby thetuftsto an angleof attackof approximately6°. Withor

—

withoutthe“fences,thespanwiseflowwas symmetricalaboutthemidspan
of themodelandwasvisibleonlynesrthe“~-percent-chordstation.

Inasmuchas tuftstudiesprovide, at best,a qualitativedescription
of theflow,a seriesof total-and static+pressuresurveyswerecon-
ductedto examinefurtherthetwo-dimensiotialityof theflow. Conven-
tionalrakesof total-andstatic-pressure!iubeswereemployedto survey
theflowatfive spanwiseandthreechord@e,stations.Thesemeasure-
mentsrevealedunexpectedlythat,eitherw~th.orwithoutthefencesand k
independentof theangleof attack(upto 40),theheightof theregion
of viscousflow(aswellas the shapeof t~evelocityprofiles)was
independentof spanwisepositionexceptalongthebottom15 inchesof Y
the48-inchspanof theplate. The
velocityprofiles)of theregionof

spanwige-~hange-in the-height(and ~
viscouqfl~woccurredon boththe

.
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upper(flat)andlowersurfacesof themodelbut,significantly,in an
oppositesensefor thetwo surfaces(i.e.,an increasein thicknessforw onesurfaceanda decreasefor theothersurface).Thisresultwas
interpretedandsubsequentlyverifiedas havingbeencausedby a spanwise
variationin thestreamanglealongthebottomportionof theplate. It
is estimatedthatthevariationalongthebottom15inchesof thespan
didnotexceed0.3°. Sincethisstreamdefectcouldnotbe corrected
readily,thepreliminarytestsfor improvingthetwo-dimensionalityof
theflowwereterminatedat thispointin theinvestigation.

Theexperimentalresultspresentedherein,therefore,werenot
obtainedin strictlytwo-dimensionalflow. However,sJJmeasurements
wereobtainedalongtheupperspauwisestationsof theplateforwhich
thethiclmessof theboundarylayerwasfoundnot to varywithspanwise
position.It seemsprobablethatwiththerectangularfencesinstalled,
a goodapproximationto two-dimensionalconditionswasachievedfor singles
of attackof 2° and4°. For 60 angleof attack,somespanwiseflowis
believedto haveoccurredandthetwo-dimensionality,ofthedata”are
suspect.Somefurtherdiscussionandevidenceof thelimitationto the
dataarepresentedin a subsequentsection.

fiessureDistributions

Distributionsof pressurealo~ theupper(flat)surfaceof the
modelfor &nglesof attackfrom-8 to +#sre presentedas figure6. me
representativedistributionsfornegativeamglesof attackareincluded
to providean indicationof thedistributionsalongthelowersurfaceof
a flatplate. Thesedatatogetherwithadditionalresultsfornegative
anglesof attackarealsopresentedin table1.

Thedistributionsshownin figure6 areeffectivelythesameas those
whichhave beenobtainedfor otherthin-andsharp-edgedairfoilsections
(refs.6and 7). Theregionsof approximatelyconstantpressureat the
positiveanglesof attackdepictgraphicallythedevelopmentof the
so-calledthin-airfoiltypeof separatedflowamd itsfairlyrapidexten-
siondownstreamfromtheleadingedgeas theangleof attackis increased.

MeanFlowMeasurements

Sometypicalresultsfromthepitot-staticsurveysof themeanflow
overtheflatsurfaceof themodelfor 2°,4°,and 6° angleof attackare
givenin figure7. Thedata,whichsrepresentedonlyfor thechordwise
stationsforwhichhot-wiremeasure~ntswereobtained,includethehot-
wiredeterminationsof themeanvelocity.A complete.presentationof the
flow-surveydatawilJbe foundin tsblesII and III.

--
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Withregardto figure7, itis convenientto considerfirstthe
agreementobtainedbetweenthetwotypes,of.rneasurernentsfor themean .
velocityU. Towardthisend,figure8 @ ~_esentedto illustratesome r
typical comp~isonsat a larger.qcaleth~ <S employedin figure7. At

—

thesametime,figure8 demonstrates:(1)thermagnitudeof thecorrecffins----
appliedfor theinfluenceof theturbuleutflowand (2)thecorrelation
obtainedbetweentheresultsfromtheco~ventionalandreverseflowprobes.-.. .

It willbe seenthat,in general,tl$epitot-staticandhot-wire
measurementsarein goodagreement.The:a@gementis excelJ_entfor some “
conditions(fig.8(a))whileforotherco~ditionstheagreementis not so
goodbut“isstillfelttobe satisfactory(figs.8(b)and 8(c)). The
discrepancyshownin figure8(b)forvalues-ofy/c between0.03to 0.05
occursin theregionof separatedfloww~erethedirectionof themean
resultantflowchangedrapidlyapproxima~lyl&)O(seefig.7(f)). In-
suchregions,disagreementisprobablycausedby “anumberof effects
including:(1)theinherentlossof accudacy-~nthe”pitot-staticsurvefi _
for smallmanometerdeflections,(2)the;sensitivityfor smallvelocity
ratiosof thecorrectionsto thepitot-staticmeasurementsforturbulence
(seeAppendixA an~fig.14),and (3) in~cog~unc$ionwith(2),theproba-
bilityof errorsin themeasuredvalues Qf t—mbulenbedueto theirma~~~-
tudeandthenonlinesrvoltage-velocity@ar?cteristicsof thehot-wire
anemometer.It s~uld notbe implied,h&ev~r, thatsuchdiscrepsmcie=
as thatshownin tigure8(b)~e cawed ~ol@lyby limitationsin the - ““
pitot-statictechrdque.Themeanvelocitiesindicatedby thehotwire--
arealsosubjectto error(AppendixB). Althoughthemagnitudeof the
probableerrorsin hot-wireresultsare indeterminate,it willbe noted
thathot-wiredatasremoreregularthan:thepitot-staticresultsfor
conditionswhere e is changingrapidly:withy.

Thesurveydatashownin figure7 reve~ severalinterestingfeat_mes
of theflawaboutthesimulatedflatpla~e___Oneof themostinteresting
is thatthemagnit@esof t@evelocities:of;$herev&se floware (except
neartheleadingedge)greaterthan0.2t& -@ridas largeas 0.35to
0.40Umfor certainchordwiselocations:me thin-airfoilbubbleis not,

.———

therefore,a regionof deador stagnant$ir..It willbe noted,in addi-
tion,thatthestaticpressurethroughtheregionsof separ~tedflowik ‘“

,.

not constant.Thepressurefirstdecrea~esWd thenincreaseswith
increasingdistanceabovethesurface.(Notethatthestaticpressures
measuredneartheplatesurfacewiththe~pi~gt-stat_ic-probesagreewell
withthestaticpressuresmeasuredby th~flushorificein {hesurface

—

of themodel.) Themsximumvariationsin thestaticpressureoccurin- “’
thedetachedflowabovetheregionsof reverseflm”and,in somecases,
amountto 0.5of thefree-streamdynamicpr-mre (fig.7(b)). These
pressure.variationsin the y direction.g@iua3J_ylessenwithdistance
downstreamof theregionof reverseflowand.forthesmalleranglesof-
attackeventuallydisappearcompletely.Thepress~e v@_ationsin the -
y directiontogetherwiththeoccurrenc~of thefairlystrongreverse
flow,as mentionedin references6 and7’, sZesuggestive.ofa vortexfl.ow.
Thechangesin thedirectionof theflow’whichshould.be expectedfor“a -
vortex-tsmefloware cle=lv evidentin fiwxre7.

—
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—
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Theshapead extentof thethin-airfoilbubblesderivedfromthe
meanflow surveys are presentedin figure9. Thebubbleis definedforw
presentpurposesas theregionboundedby theplatesurfaceandthe
contourabovetheplateswrfacealong whichthe fix componentof the
meanvelocityis zero(i.e.,e = *9O ). Thefigurealsoincludesthe
distributionof themesnflowintoandoutof thebubble(i.e.,the Iiy
componentof velocityalongthecontourwhere l?x= O).

Therapidincreasein extentandthicknessof thebubblewith
increasingangleof attackis apparent.Thesedatatogetherwiththe
surfacepressure-distributionmeasurements(fig.6) indicatethatthe
sepsratedflowfromtheleadingedgeof theplatereattachesto thesurface
at thetermination(approximately)of therapidpressurerisedownstream
of theregionof essentiallyconstantpressure.On thisbasisit is esti-
matedthatflowreattachmentprobablyoccurredat chordwisestatiotiof
0.02,0.14,smd0.42for anglesof attackof 1°, 3°,and5°,respectively.
Estimatesforhigheranglesof attackarenotwsrrantedbecauseof the
vaguenessof theterminal.pointssndtheprobabilityof spanwiseflow.

It is interestingto comparetheextentandmaximumthich’ss of the
bubblesfromthe currentstudieswiththosereportedby Roseud Altman

m (ref.7) for a modifieddotile-wedgeairfoilhavinga thickness-chord
ratioof 0.0423.Althoughthesurfacepressuredistributionsfromthe
twoinvestigationsareverysimil= exceptforminordifferencesattribu-

4 tableto thedifferencesin thiclmessdistribution,theresults@ the
flowsurveyssremarkedlydifferent.Figure10 showsthatat leastup to

.@ angleof attack,theextentsndthiclmessof thebubblesencountered
in thecurrentinvestigationsreconsiderablylargerthsnthosemeasured
on thedouble-wedgeairfoilin reference7. Thedifferencesbetweenthe
resultsof thetwoinvestigationsarein theproperdirectionto be
explainedby theeffectsof theexceedinglyturbulentflowforwhich
correctionswerenot appliedto thedataof reference7. Themagnitude
of thedifferences,however,aretoo~eat to be ex@ainedby thetubu-
lenceeffects.Basedon estimatesfrompressuredistributions,theextent
of thebubblesfor thetwoinvestigationsshouldagreeverywelJ (fig.10).
Thelargediscrepanciesare,therefore)somewhatPUZZl@ ad c~ot be
explained.It doesnot seemlikelythatVlepossibleoccurrenceof spsn-
wiseflowandthedifferencesin thiclmessdistributionarethemajor
factorsleadingto thedisagreement.

Theflowintoandoutof thebubblesshownin figure9 givessome
evidenceof thespanwiseflowobservedduringthepreliminarytests.
Fromcontinuityconsiderationsthevolumeinflowshouldbe equalto the
volumeoutflowfor conditionsof two-dimensionalflow. Any differences
betweenthetwovolumesmustbe manifestedas flowin thespanwisedirec-

. tion. Theaccompanyingtable,evaluatedfromfigure9 by mechanical .-
integration,indicatesthatfor al-langlesof attackfivestigatedthe
inflowexceededtheoutflow.

*
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a, ainflow~Outflow”a{i~low.outflow)
deg cum cum “. c~

2 0.006 0.005 .0.001
.040 .016 .024

: .091 .036 ; .’” .035
aperunitSP13JI

..-

u

Theaccuracyof themeasurementsimvolve~,however,is poor. Thenumerical
resultsshouldbe.interpretedonlyas an~indicationof an increasing
tendencyfor span~seflowwithincreasingg,ngle.ofattack.

VelocityFluctuationMeasurements

Resultsof hot-wireanemometermeastietientsof thevelocityfluctu-
ationsarepresentedinfigureIl.andin,table111. Theextremelyhigh
levelsof turbulencein theflowarereadilyayparent.In an absolute

.

sense(fig.11),thelargestfluctuation~measuredwere(root-mean-square
values)approximately30 percentof the$re&streamvelocity.In a F-
relativesense(tableIII),thelargestfluctuationsmeasuredwere
approximately65percentof the10CELLme~ $elocity.As discussedin
AppendixB.,measurementsof suchhighle$els”ofturbulenceshouldbe con- F

sideredqtiitativedueto thenonlinear~voltage-velocity”characteristics
of a hotwire. It.isof interestthatthesefluctuationsareof con-
siderablygreater_itude thanthosem$as&edby SchubauerandKLebanoff
(ref.9) in a turbulentboundarylayera@roachingseparation.It is not ‘
surprising,perhaps,thatthefluctuatiorjs”presentedhereinareof stiilar
magnitudeto thosereportedby Corrisin@d:Uberoi(ref.10)fora
turbulentjet.=

Figure12,whichispresentedto s@m~ize graphicallysomeof the
salientfeaturesof thepitot-staticand~ho@_ireresults,illustrates
thatbetweentheleadingedgeandthepo$itj.onof reattachmentthelargest
(absolute) velocityfluctuationsoccur~ong a bandin thedetachedflow
approximatelymidwaybetweenthebubble~d..theouteredgeof thedetached
flow. Thedetachedflowis,therefore,@ regionof titenseturbulent

1ApaperbyM. ArieandH. Rouse(“@QeTimentson Two-Dimensional
FlowOvera NormalWall”,Jour.ofFltid~Mech.,VO1. 1, pt. 2, Jay 1956,
pp. 129-141)becameavailablewhilethe$resentreportwasbeingprep~ed””,
forpublication.Measurementsareprese~ted.ofvelocity,pressure,and
velocityfluctuationsbehindflatplates!no&ialto theairstreamwith
splitterplatesin thewaketo preventv@@ streets.ArieandRouse
showthattheflowseparatesfromtheed~es~oftheplates-tidsubsequently
reattachesto thesplitterplates;thec@raCteristicsof theentire
regionof separatedflowareremarkablysitilarto thoseof thepresent
investigation,particularlythemagnitude&-the reverseflowin what
correspondsto thebubbleand also “-them&itude ~ distributi~ of me ‘-
velocityfluctuations.

u
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mixingand,notunlikea jet,it expandsrapidlydownstreamfromits
* originat theleadingedgeof theplate. Althoughit is notevidentin

figure12 (see,rather,fig.U), theintensityof theturbulentmotion
alongthebad graduallydecreasesas theflowpassesdownstreamof the
positionof reattachment.Thebandof maximumintensitytends,moreover,
to moveinwardtowardthe surfaceoverthedownstreamportionof the
bubbles.For 2° angleof attackthebandbecomesadjacentto thesurface
(i.e.,justabovethelsminarsublayer)betweenthechord~sestattons
of 0.45and0.80;the intensityanddistributionof thefluctuationsare
similarto thosemeasuredby IUebanoffandDiehl(ref.l-l-)fora turbulent
boundarylayeron a flatplate. Thisis not surprisingsincethepressure
gradientis almostzerodownstreamof theO.10-chordstation.Thedata
for 4° (andto a lesserextent,for 6°)angleof attackshowthessme
trendsdownstreamof thebubbleas for 2°. Howevmr,theextentof flow
throughtheregionof approximatelyzeropressuregradientis tooshort
to allowas completea readjustment.

ObservationsandMeasurementsof theFlowin theInunediate
Vicinityof theLeadingEdge

.

a

.

8

As mentionedpreviously,therewas intenseturbulentmixingin the
detachedflowin the immediatevicinityof theleadingedgeof theplate.
Thisis demonstratedby thedatain figure13whichshowthatat the
O-percent-chordstationthelargestroot-mean-squsrevaluesmeasuredfor
thevelocityfluctuationswere15 to 5 percentof thefree-stream
velocity.Moreover,observationsof theoutputfromthehotwe on
cathode-rayoscilloscopeverifiedthatthevelocityfluctuationswereof
the completelyrandomtypecharacteristicof turbulentflow. Measurements
wereslsoobtainedat severaladditional.stationsupstre- of theleading
edgein an effortto pinpointthe onsetof transition.Thispermitted
surveyingat negativevaluesof y; thatis,surveysCotidbe tie in the
regionof theseparatedflowwhichpassesaroundtheleadingedgefrom
thepositionof stagnationon thelowersurface.Resultsof someof
thesemeasurementsalsosrepresentedin figure13. No indicationof
turbulentflowis shownnorwas anydetectedvisusllyon an oscilloscope.
For negativevalues of.x/c,thedecreasein thelocalvelocityas y
increasesnegativelyis not associatalwitha lossin totalpressure.
It is,rather,attributableto a decrease“inthevelocityof thepotential
flowwhichwouldoccuras thepositionof stagnationis approached.

Althoughit is not impossiblethattheseresultsarepeculisrto
theflowarounda sharpleadingedge,theresultsstronglysuggestthat
theextentof separatedlaminarflowalonga thin-airfoilbubbleis
virtuallyzero. It is of interestto notethatthisdiffersconsiderably
fromthelaminar-separationbubblesdiscussedinreferences3 to 5.
Reference3 reportsthatapprcucimately&)percentof theextentof a
laminar-separationbubbleis coveredby separatedlsminarflow. Since,
however,thereis alsoa largedifferencein theactualphysicaldimen-
sionsof thetwotypesof bubbles>it is,perhapsjmorecorrectto W?ress” .
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thediffermceon thebasisof a Reynoldsr@mb.er
UsePL ~ ““”RL= ~ : T-.

where“U~epis thevelocityof theouterpotentialflowat theposition
of separationsxd L is theextentof sep&atedlaminarflow. A msxiti
valueof RL for thethin-airfoil.bubbles~re~ted hereinis estimated-
to be 5000;whereasa correspondingvalue<or~~laminar-sep”~ationbubble
(ref.3) wouldbe at leasttentimesas gr~at.Qrof theorderof 50,000.~
Thephysicalsignificance,if any,ofthis,d~-ferencebetweenthetwo
typesof separatedflowis notreadilyapparent.

SUNMARYOF RESULTS

TheprincipalrE.suitsfrompitot-stat:cand.hot-tiireanemometer
surveysof thelow-speedflowovera simulqted-flat-piateat smallangles
of attacka-reas follows:

—-
: -..

1. In theregionsor bubblesof reve~seflowwhichme characteristic
of theflowassociatedwiththeso-calledl$hifi~airfoilsta, resultant
mesmvelocitiesof about30percentof the;free-streamvelocitysd
velocityfluctuationsup to 65.percentof Thelocalvelocitieswere
measured.

—.

2. Thereversefllowin thebubblesappe~s to be partof a more
generalvortex-typeflow. -.i..’

3. ‘Themagnitudeof theturbulentve:oc~~yfluctuationsin the
regionsof separatedflowabovethebubble$i~.comparableto thatwtich‘
hasbeenobservedfora turbulentjet.
measuredamQ~tedto 30 percentof the

4. No separatedlsminarflowwas
thebubbles.

AmesAeronauticalLaboratory
NationalAdvisoryCommittee.

MoffettField,Calif.,

Th$l~gest velocityfluctuations
f~%;-skzemyelocity.

detectedat theforwardedgeof –,..

forAeron&utics
NOV.23, 1956. .-

.- -
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APPENDIXA

CORRECTIONSAITLIXDTO TEEFITOT-STATIC!MEMUMMEN’TS

FOR THEEFFECTSCW TURBULENTFLOW

Therelationshipsusedas a basisfor correctingthepitot-static
measurementsfor theeffectsof turbulentflowaredueto Goldstein
(ref.12)andFage (ref.13). GoldsteinsadFageimdicatethata static-
pressureprobe,alignedtitha turbulentstreamhavinga resultantmean
velocityE, measuresa staticpressure& suchthat

where kl is a constantwhich-dependsto someextenton thegeometryof
theprobe. Goldsteinalsodemonstratesthatundersimilarflowconditions
a total-pressureprobemeasuresa pressure(Q)m where

(Et)m= It ++-P(E52+EF +X7) (A2)

If equations(Al)and (A3)are

+P(m += +K2) (A3)

combinedanda referencedynsmic
pressure~P2 k2 is introduced,thereresults

“ - ‘X&y ‘(237(A4)
Similarly,therelationshipbetweenthemeasuredsmdthetruestatic-
andtotal-pressurecoefficientsbecomes

u!Pm=cP - ‘~[(=Y +en
(cPt)m= cPt
\ + [(!+ GY +(5YI

(A5)

(A6)

—.

Unfortunatelythesesimpleexpressionscouldnotbe applieddirectly
to thepresentresultsfor severalreasons: (1)Onlyonecomponentof
the turbulentvelocityfluctuationswasmeasured,~; (2)theprobeswere

.
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seldomaligmedtiththeresultantflowd@pg theco~se of thepitot-
staticsurveys;snd (3)equations(Al)and (A2)provideno information
on anydifferentialeffectswhichtheveloc}tyfluctuations-mighthave
on thetwo4-5°beveledtubesemployedto as~ertainthedirection7 of
theresultsmtflow. Thelatteris significantbecausean erroneousindi-
cationof 7 forvaluesbetween10°and45,wouldhavecausederrorsin
thecorrectionswhichwererequiredfor the;measuredstaticandtotal
pressuresas a functionof y (seefig.5].

In orderto circumventthedifficultypte_@ngfromthemeasurement
of onlyonecomponentof thevelocityfluct~tions,it wasassumedthat -—.

I+C’(Am’)= (z’G’+F’ >iiG2)
so that —.

(k2- l)(ti) = (@+&) (A7)

An analysisof theresultsof Schubauer@d Klebanoff(ref.9)
revealedthata valuefor k2 for turbuleqtboundary-layerfl~wwould
varyfrom1.5nesrthewallto 2.1nearthe!ou-kredgeof theboundsz’y
layer. Moreover,thisvariationwasvirtually”independentof theshape “=
of’themean-velocityprofiles.Theresultqof’_Latier.(ref.14)and
Ruetenik(ref.’15)forturbulentflowin a!two-dimensiond’channelindi-
catea similarvariationfor k2 fromthe~walito thecenterof the
channel.Althoughthegener@lapplicabilityof theseresultsto the
problemat handis admittedlyopento some~question,@ theabsenceof
anybettercriterion,an averagevalueof +.8.wwselectedfor k2 to
providea meansfor correctingthepresentpitot-staticmeasurements.

If the~alueof kl is takento be 0~5on thebasisofFage’s
empiricalresults(ref.13) fora static-p~ssllreprobesimilarto those
employedduringthisinvestigation,equatiqns(A4),(A5),and (A6)beco~”=

(5’)’=(,,)’+(3’[’+(’ - ‘.)(k’ ~q =($)’+.O(fy
o%_..ti+Afi—.—Um u- ~ ,-, (A8)

—

() ) Q%m’cP-kl(k-l)(g2=cP-o*~g2

(1‘Cp =.CP - Lcp (A9)

r

.-. — _—,-
—

.

___

—

&

...

u

.—
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vcPt~ = Cpt+ LCpt\ (Alo)

Thenumericalvaluefor kl determinedby Fagewasderivedfrommeasure-
menth of turbulentflowin a pipe. Itsgeneralapplicabilityy is unknown
but theuse of a valueof O.~is not inconsistentwiththeover-sill
accuracywhichshouldbe expectedfromthecorrections,consideringthe
assumptionsintroducedby theuse of the constant~. The incremental
corrections~(i@m), &p, and~pt definedby equations(A8)to (AIO)
areshowngraphicallyin figure14.

The correctionsfor turbulencedescribedin theprecedingparagraphs
areappropriateonlywhenthelongitudinalaxisof theprobeis aligned
withtheresultantflow (i.e.,7 = O),a conditionwhich,as mentioned
previously,was seldomencounteredduringthecourseof thepresent
surveys.It is apparent,forexample,thatwhenthelocalflowis oblique
to thelongitudinalsxisof theprobe,the Au componentof thevelocity
fluctuationscancontributeto themeasuredstaticpressure.At thesame
time,particularlyforlsrgevsd.uesof y, onewouldexpectthatthe
responseof thetotal-pressureprobeto thevelocityfluctuationswould
differfromthatgivenby equation(A3). In order,therefore,to determine
theird?luenceof 7 on theprecedingrelationshipsfor %/&, (CP)m,
~ (Cpt)m>andat thessmetimeassessanydifferentialeffectsof the
turbulentflowon thepressuredifferencemeasuredbetweenthetwo45°
beveledpressuretubes,a calibrationof theconventionalpitot-static
probe(fig.4) was conductedin the small.windtunnelformeasuredturbu-
lencelevels@/fi of approximatelyO.25and0.k3. The calibrations
covereda rangeof 7 fromO to 45°andtheresultswereassmnedappli-
cablefornegativevaluesof 7. Theresultswerealsoapplied
reverse-flowprobeshownin figure4.

For thesemeasurement’stheinfluenceof 7 was considered
followingmanner:

(f%‘E)m= (I%- P) +f(7)(.&@)

where

(St- 5) dynamicpressureat the

(51- 52) thepressuredifference

}

f(y)
k3(Y)

unknownfunctionsof y

()-F’) +d7)*d=2

probe

betweenthetwo450beveled

to ihe

in the

(All)

(A12)

tubes

to be determinedexperimentally

—
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Thefunctions.,f(y)
showninfigure15.””The
theywereevaluatedfrom

NACATN 3876

●

andg(y)derived:Tromthemeasurementsare
resultsaresurp~is~ly goodconsideringthat E:
smalldifference$”be.~weenrelativelylarge “

numericalvalues. Theresultsfor g(y)Undicatethatthereis a cm- ““
siderabledifferentialeffectof thevelopit~fluct~tionson thetwo
45°beveledtubes. The~fect, as mightbe &xpected,increasesrapidly”
as 7 increases.Theqqa@ity f(7) decreasesslowlyfroma vsluei.——
somewherebetween1.6and1.2,when 7 = ~, to a valueoflapproximately-
1.0when Y = 30°;thereafterf(y)decre~se~rapidly.Notethata value
between1.2smd1.6is consistentwitheq@~-(~8)f9r which f(y)
shouldbe identicalwith 1 + (Q - 1)(1k Iil]= 1.4. Theeffectsof -
turbulenceon thedirectionalcharacteris~ic~.oftheprobesalsoare
illustratedin figure15. It isreadilyapparentt~t undercertaincon-
ditionstheeffectsof velocityfluctuatilmsarelarge.

..-=
—-.

. —

—
.-

.

On thebasisof theprecedingdiscus~i~~d experimentalresults,
theprocedureemployedhereinto correctthe”.pitot-staticmeasurements– =
for theeffectsof..turbulenceis sumariz~d:X follows:

-.

(1) Thevalue.of y wasdeterminedZrcgnchartssimilarto that
showninfigure15.

-—=
i-- .— . -.

(2) Withthevalueof y “from(1)above,themeasuredvaluesof ‘-
totalandstaticpressurewerecorrectedpsiygchartssimilarto those

—

shownin figure5.
b __

(3) me CIati$if= (Cp)m,(Cpt)m,andwUm wereco~utedandthen
correctedfor theeffectsof turbulence~s~ chart:simi@r to figuke14.

—

As suggestedby f(y)infigure15,!thE-correctionsappliedin
step(3)aboveshouldhavebeen,strictl~sfi=aking,considereda function
of 7. Althoughthiswaspossibleinth< c~seof ~ whichdependsonly _-
on f(y),sucha procedurewasnotpossi~ie;for(Cp)mand (Cpt)m since .

—
kl andk2 were notevaluatedas separatef~tions of y. It willLbe
noted,however,thatwithonlya fewexceptions,mostof thepitot-static

20°<~<.20° (when y = 0, e = Omeasurementscorrespondto valuesof - ,
or +~800)oFiWe...l5demonstratesthatQver=thisrangeof y, f(y)
appearsto be essentiallyconstant;this;resultc~$ies the””in@ication—
that k= andk= ~obably v~y onlya sm$ll~’”kmountzoutto 7 = 20°.
Thus,forthepresentpitot-staticmeas~ementsthedependenceof the– ““
correctionsfor turbulenceon 7 was,effectively,a second-ordereffect
andwas ignored.

—

—
.

..- .— .

.

.

.

lItseemsprobablethatan increase;ini_7 wouldcause k= to .

increaseand ~ to decreasebutwo@_dpfi_ycause.asmallchsmgein “-” v—
f(y)if f(7)SI-+ (k2- 1)(1- kl)as ~~uatiog (Ag)~

-.

>.._
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APPENDIXB

CORRECTIONSAPPLIEDTO THEHOT-WIREANEMOMETERMEASUTW@WTS

FOR THEEFFECTOF LARGEVELOCITYFLUCTUA’ITONS

Thebasisfor correctingthehot-wiremeasurementsmaybe illustrated
by theaccompanyingsketch.The sketchpresentsthetypicalrelationship

(@m+6=)

1 !:: i
I

G cm u
mln

G mox

11—

whichexistsbetweentheheatingcurrentI suppliedto thewire,the
resistancer of thewire,thevoltagedrop e acrossthewire,andthe
velocitycomponentu normalto theaxisof thewire.1 Point(1)

lThesketchis strictlyapplicableonlyto steadyor quasi-steady
flowconditions.It is assumed,however,forpresentpurposes,thatit
is applicablesllsoto conditionswithunsteady(turbulent)flow.
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representsconditionsin a hypotheticalflow’hatingzeroturbulence.
Thecurrentis of an arbitrsxymagnitude ““””:1 -tomaintaint-hewireresist- ~~~
anteat a desiredvalue ?. The correspo?jdingvaluesforthevelocity
andvoltageare,respectively,E and =. If turbulenceis introduced
intothishypotheticalflowin sucha -er.that themeanvelocityis
unchangedfromthevalue“-=,thenonlinearvoltage-v~locitycharacter-

--

isticsof thewirefor constantcurrentoperationleadto a meanvoltage
~m whichis greaterthantheoriginalvoltage =. As a resultthemeaq
resistanceis Fm (greaterthan ?) sadt~e~ndicatedmeanvelocity~
in theturbulentflowis lessthanthetruemeanvelocityfi.Moreover; .
sinceit is assumedin hot-wireanemometrythat-Au isproportionalto
Ae, it is app=ent thatthenonlinearitycsmcausean erroneousdetermi- --
nationof thevelocityfluctuations.The’differencebetweenthemeasured
andthetruemeanquantities,of course,$ncreaseswithincreasing
magnitudeof thevelocityfluctuations.: . —. --

Withreferenceto theprecedingsketphthecorrectionsaypliedto ,, .L_
thehot-wiremeasurementswereaccomplish~din thefollowingmanner:
point(2)representstheresistance~m setduringthetestsby applyi–~ ‘“
an arbitrarycurrent.I. ThevoltagedropaCTossthewireis % and
theindicatedmeanvelocityis ~. Usi* the.mean-squarevoltage- : .- :
fluctuationsignalfromthewire A52,u@omp&nsatedforthethermallag,z

(thequantities& +@)aad (~ -~~)were employedto ascertainthe

hypotheticalvelocitieskin andEm= (points(3)~d. (4),respectively)..
A simpleaveragevalueof these’twoveloctti~s&v was takento Qe the
truemeanvelocityandis presentedhereipas ~. The“qu&tity

(m/;)m was computedusingthecompens~ted.voltagesignalsfromthe-

wireandthemeasured’meanpropertiesat poi~t(2). No correctionswere

applied,however,to theabsolutevaluesbf(=L forthenonlinear

voltage-velocityrelationship;
to(H2L.

~, as p~e~ted hereig,is identical_

Thisprocedur~as mentionedpreviously-,is intendedto furnishno
morethanapproxi~tecorrectionsto mean~flowmeasurements.Theagree-
mentobtainedbetwe&nthepitot-static-s$dhot-wire-surveyresultsis,
perhaps,ampleevidencethatthemethodsticc~,esfullyftiills itspurpose.
However,in orderto providesom further!itidicationof thevalidityof
themethod,resultsof calculationsarep&esentedin thetableof the
idealizedresponseof a hotwire(typicalta””thoseemployedduringthis
investigation)to largesinusoidalveloci~yfluctuations.Thenumerical
valuesin columns(2)to (6) are slightly”dep~ndenton themagnitudeof- ‘-”‘-
fi usedin thecomputations(G = 100ft s~c), but theeffectie too
smallto be consideredin an analysisof thistype.

%nly theuncompensatedsignalis a ~ruemeas~e of theactual
voltagefluctuationswhichoccuracrossthe@re. --

,

. .

.-

<

“

L

._—

.

.-

.-

—
—

—

--

4
.-

.

.-
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alculated(idealized)responseof a hot-wir[
anemometerto largesinusoidal

0.10
.20
.30
.40
.50
.60

0.99
.97
●93
.%
.78
.65

1.00
1.00
1.00
1.02
1.06
1.19

0.12
.24
.38
.54
.74

1.03

lations
(5)

(m)m
&v

0.12
.23
.35
.46
.55
.57

0.12
.23
.35
.45
.58
.67

Two significantresultssreapparentfromthetabulation.
mostimportantitem.tobe notedis thatthemethodof correctingthemean-

Thefirstand

flowmeasurementshereinappearsto be satisfactory(cf.,columns(2)
and (3)- for completecorrectioncolumn(3)should,of course,be unity);
andthesecondis that,as expected,thevaluesof turbulencepresented
hereinareprobablytoolarge(cf.,columns(1)and (4)to (6)). Further
discussionis notwarrsmtedin viewof themanyramificationsinvolved.
It is sufficientto concludethatthecalculatedresultsfor the“mean
velocityarenot inconsistentwiththeagreementshownby theexperimental
results.
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.W3
.W+
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-0.559
-.559
-.’%5
-.s55
-.%
-.%7
+&

-.*O
-Lcch
-1.IXJI
-1.0C4
-lAw

:%

-1:CC4
-.%7
-.$3-7
-.L942
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TABLEII.- RESULTSFROMPITOT-STATICSURVEYS
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.-7
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.%5
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22.8 1.21.8 .~ .W

.-

.Ofx%

.CT3ca
-w
:=
.m?l
.m38
.0038
.m46

23.7
I.o.o

:% ::% ;:m&
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U-5 .6r2 .%2 1.55
15.2 .977 1.3
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TAB12II.- KESULTSFROMPITOT-STA~IC.SURVXYS- Coqtinued
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L.-@o
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l,4k2
1.134
.%4
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.0s2
.046
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y

~
U-

0.527
.6s5
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1.Ol!s
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.420
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1.3..3

D.C@
.=27
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.Ce7?
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.W7
:x$
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,&*
.W-7

alga 1.C5L 2.029
.334l.C@ 1.*’I
.5071.0T91.8M
.6C51.09L1.725

fj :E& ;%

.% 1:1431:$5
l.a L.017
M&f .979 .%3
l.m .931 .36L
1.*7 .W .242
1.3L2.867 .L39
1.324.841 .q8
~33.5.820 .036
1.333~~ :%
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.CQii

.a288 t:

.03@ 9.7

.0322 m.o

.0355 9.7
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.907 1.889

.* 1.899
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.%a 1.8z
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~c.o.~;..q-

.Cm6

.CQ23

.Odto

.@

.0sr3
:29

.C023

.0140

.01.56

.0L73

.0193

.cec6

.02$0

.W-3
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173.2
173.3
17k.6
In.1
175.9
173.0
176.8
in.o
177.5
l-#.o
r(6.5
in.z
in.o
180.o

J-z
.201
.303
.0?2
.001
.m.In
.170
.148
.13?
.lca
.185
.Ifa
.097
.031

x/.- o.130;a

.CQ56X3.5
L2.9
L2.8
14.0
14.2
=3
16.s
17.7
L8.3
18.5
L7.8
1?.8

.2331.CKSLB>

.3751.o181.906
A69 1.a251.803
.7Y.2l.m 1.5-47
.S031.Cfn1.244
1.U2 l.@ .82L
1.%81.69 .457
1.3531.Q53 .2L4
1.373 1.=5
1.3s5 .s9 :%
1.393 .m .M5
L.* .952 .%5

.0m2

.0CQ7

.CK6L

.K@$
;o&7

.O*

%/C-O.lm;u =4“

TTTT

-177.0.272 .g~ 1.904
-179.2.34’9l.ca?1.a80
-1?8.0
-al;: :&h ;:% ::&7

-L73.0 :% k% Hz
-L63.Q.@ 1.ti32.0%L---. 1 x/.-O.lW;a -6°n1.L.6

LO.4

L?::
u.6
13.5
L5.1
L6.5
17.3
17.1

5::T.1* 1.0371.9@
.227l.m 2.007
.3941.0791.923

:?R ::E k%
.944l.@l WI&
1.L531.(IL9
1.271.938 ;~7

m :x .03,
1.344.822 .OIJ.
1.341.* -.02?

.0?27

.W@

.03*.fxa.CJ1.50

.Ow

.0527

:%

.C6&

.0s95

m M .

~C . O.~j am-11.6.@l-10.1 .652
-8.8 .753
-5.8 .w5
-4.4
-4.2M
-3.3l.~
-5.81.102
-6.61.1C5

.20

T

g l:g

;g :3
.W7

.253 .C41

.2%? .032

—
L9-ja
1.M
1.939
l.m
1.570
1.343
1.*
1.Cq3
.m
.5s
.299
.U-2
.M3
.0s1
.&

.Km

.Cwz

.0093

.am

.0322

.03*

:%

:%

.0438

:2%
.Qx5
.0535
.057?
.C@5
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10.6 .362l@40
11.s .393M@
13.2 .7371.“C@
12.8 .ea ka
14.7 .867l:W
I.&l .*3 1!062
I-6.o1.I.2L14

TL6.o1.225 1:01
:.: yg p&

y; :%& ,925
i885

X2.11.350~872

%/a . O.l@J;a = P.0m3
.0320
.0140
.OvJ
.0L90
.Cl?20

.OxQ 172.0 .L24 .5841.=

.0c$?7172.0.2(% .9351.*3

.a%l 17k.o,227 .9901.9
2.C$Yj4176.0.22s .99-71. ‘1

.Co.61L80.o .232L.m L.m

.W 1.80.o.2251o11 1.*

.Ceg4180.o.Lr581.CQ91.599m 1 1 1 1

X/o.o.l~;a .@
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.CK63
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,0253
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.M30
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-ij
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0
0
0
0

.836

.TJ
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.541

.331

.L81
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.019

X/c-O.looja .:2” —
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.25
.%2
,6u3
.&
.‘R7

F:9L
.963
.s%
1.C@
1.046
l.o~
1.C6L
1.m

.am2x.OiW
:8%

%JJ
.Ow
.0L44
.01.60
.~i”l
Xi@
.0227
.0260

1.5
-1.5
-2.7

~:;

-3:7
-3.5
-2.9
-2.6
-2.2
-2.0
-2.0
-2.0
-2.0
-2.0

.EL9
#26
.142
. l’P-
a&J

.195
“.1%
‘.18Q
‘.Im
p

c
..1
+
.139
.13=
;.L32
1

.m

.0030

.CE%3

.-

178.0;;.:
176:1
173.7
169.4
151.’2

.’203.977

.277 .*9

.277 .m

.27k .993

.m 1.0%

.* 1.C$2L

.0743..026

1.933”
l.glo
1.93.2
L9L7
1.947
1.9S0
2.02.0

,ai
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.0L30
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.C&%
X/c . O.LSO:u - P
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:% i!
.0366 3.0
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.0466 -.5ITiij+&:~
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1.222.822 .320
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k
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TABLE11.- RESULTSFROMPITOT-STATIC sI)-RmYs - Continued
. m5 ~ $%
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.mm -l.-fl.l?-ja-723
.W9 -2.51.* .681
.C4% -3.0l.qu .63h
.0799 -3.31.232.737

e,
aeg %t

0.I.C?2
.mo
.OLo
.Co.o
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o.169
.ca5
.035
.0L9
.a9

0.859
.&x

%/..0.200;..4” O.IJM
.lzw
.13m
.*7

g.k

;:?
5.4

1.3?9
1.3*

k%
c1 -1P.0 .249 .5s4 1.5
.Cw26-MO-Clso .6251.a
Xc& -$.; :% Ml 1.6L4

.& :177:6
Al 1.648

.U4 .7031.690

.7%

.*-I

%/C-o.ao,a. e
-
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.9!6
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.m
.3U
.252
.=5
-E9

l.m.a
1.033
~.m
1.076
Ua5

::%
1.IJ.9

1.*
1.737
1-929
1.s53
1.s96
2.W
2.259
2.LUn176.0177.8

lao.o
L80.o
L80.o
173.5
l’na
174.6

%:;

T.846 Lm
.8501.w
.w 1.n6
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.9231.8zT5
.9261.656

.CIn? .335
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.97
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.3M
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.1s
.a%
.W
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AC&
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.OLz
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.&
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537 1.tir
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.m 1.9-(4
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.-m

2
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.037

%

I I I I
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.Cu61
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..032

.Ce6
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0
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.0533

.0%6
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S@
.m3
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S&4

5.6
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8.7
9.0
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u.6
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W.2
U.8
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11.6

1:%i-z1.C60l.@f
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l.m 1.*9
1.0731.%3
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.IJ12.067

-. 1
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1
1

x/c. o.3oo;u

.Ooz?

.~7

.m?

.Cc51

.0L61

.C2s’+
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:%
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3.0
-2.3
-4.3
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.m

.2k5

.a%

.365

:Z
1.o17
1.091
1.IJ2
I.LIJ.

*
I I
x/c= o.2ys;a
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- 20 -9.5
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-4.4
-3.5
-2.5
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.0%7 %%
1-5
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-.
-.8
-.9
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-.5
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-.2
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.W5
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.0353
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—
.lm
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.UE
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.U3
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%g
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0
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.m
-w
.&z?
.856
S&

1.CE!3
1.032
1.WI

I 1 1 1
%/c-o.yKl;a-f9o

1.0
0
-1.0
-1.0
-1.0
-1.0

=&

.&

.Ws9

.OL&

.W%?

.CQ93

.’J366

173.4
L&ho
178.5
L?8.o
177.8
L%.7
L73.9
L66.3

+fc-o.250;a.k”

=i=El=E‘C-0.203;u -40

.0L83

.-

:s
.0301

:%
.C469
.0535

:%
.m
.W

.19.0.*

.19.oaOJ
15.o
~.> .510
-9.8 .gw
-8.2 .655
-5.3 .879
-3.31.C80
-3.0l.lm
-2.31.2Q7
-1.5 1.2@
-1.01.2m

-735

:%
.-m

:%
:%
-573

:&
.481
.q6

;%

1:4s
1.4
Y1.3

.%0

.468

.184

.@

.030

.@L1

.OII

>.O.3%IZ-P

.CGa

.-

.mu

.0cz22
-@@
.W78
.0L45
S&7-g

.m T1.4 .a
.2 .6LS

-. 5 .699
-. .m
-. : ;8~
-.
-. ; .W
-. k .973
-.2 l.olz
-.1 l.ti

G
.0$8
.07’2
.073

:%
.075
An

:%
—

=
.691
.587
.505
.441
.368
.276

:3
.W3

Sk?
.Cx@
.Cl$Jo

:%%

2.LL7
2.050
1.336
1,670

l:X
mo /1.193

I
kver8e- N prde.
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TABLEII. - RESULTSFROMPITCYI’-STATIC...SURVEYS- Continued

X/c-0.350;a-ho %/c-0.400; a-6! xj..o.sm;u .4°

-2.0
-2.1
-2.5
-2.5
::~

:::6
-3.1
-2:s
-2.0
-2.0

0.946
.=
.823
.792

:%
.634
.487
.=

g

.0c6

O.cxw?
.0c!c5

0.26>l.c$q
.l?l1.c88
.2C01.072
.2431.@3
.* .931
.293l:g
.297
.277 .458
.& .20?
.201 .260
.187 .CoE
. lm .0%

O.mcg -173.4o.2n o.7!?4 La
.C@3 -l&.o .3>3 .7721.646
.0C8T-U30.o.320 .8121.-709
.0E6-I&l.o.W .8
.U3?3-178.5.2?0

4

.86 ;:E
.CCe9-11-f.L.166. 1.8%
.0356-173.2.Q34 . 1.893

O.WCQ
.CQc6

:%
.0073
.OM
.=73
.CA’c6
.0539
.C@
.C&6
.0940
.1056

0.423o:=
.465
.559
.592:%
.619 .l%
.674.180
:J-g J%

.W
.S30 .M2
.99 ;%
1.a2’7
1.C49.la3
1.W .127

.@?
m’Q

;%

.C&2

.0745
,C878
.Lola

-3.9
-5.8 :8
-7.7 .7%
-7.6 .s?s
4.3
-4.7

.72?

.899
-2.7l.ols
-2.b 1.C&
-1.71.C62
-1.4l.C@

I

Z/c=0.4%:u =z. . —
.739
.-LM

:%
.372
.3CIS
.=
.CfMIT~.3 .m

:% o“ ;g&
.Cal -.9
.00M -Lo .733
.0034 -.4 .m

:% :::
.823
.862

.o151 -.3

.C264 -.3

.C417
:%

-.3l.m
.C551 -.2 1.01.2

. . .

1-33.6.oCQ-2Q.3.230
-10.3,451

::! ,:g

0. l:L&l
.3 1.282
1.0L.ti

x/c -. I x9;a.&’
;~$
.C412
.0745
.C8?a

X’J

.W5

.9922.003
l.olk 1.B
1.0371.835
l.o’a1.518

:H 1:%
.755 .1
;69J .C28

.CO.4

.01.40-29.3

:$x ~T:]
.0539 .
.r%73-14.0
.ati +.8

-7.7
:% -’r.3

;59 ;:;

:% :Z2%!:%::~;:%6
.6571.259

:8% .650 .97
1.1o1.

E
L.o93.1 :g
1.153
L.le6:448 .ox
L.193.49 .Cn8

.018

.W5

-
.Ooc+ -.2
.CKol -1.2
.CK.51 -2.2

f99

.>60

.626

.’E5

.834

.9s

:%

?%
1.C51

.%7

.9U

.*3

.793

:Z

%/e-0.373;.-6”

-173.4
-179.9
-179.8
-179.4
-17?.8
-176.s
-174.7
-168.0

.226

.37’8

.337

.36

.*

.21
&J

.824

.892

.$&
:EJ

.993
1.OCS

1.7’76
1.7W
1.8U
1.840
1.896
1.927
1.%9
2.CC6

.oljl

.cask

.CA17

.052

.G5%

.&.S4

.@la

.ml

.lm~

-3.7
-3.9
-3.2
-2.0
-2.1
-1.2
-1.1
-1.0
-.4

●

✎

.361

.301

.147
;g7

.W6 /c-0.550;a . 2“
Xlci = 0.400;a - 20 1

-
.07
.C52
.055
.057
.059
.0%

Ej

.043

.003?

.C&@

.CKQ4

.*1

.003

.0141

-2.2

~::

-2:3
-2.3
-2.2
-2.2
-2-1

.(A5:Z2.C40 ;$~.@.042
.8CKI.&o .4a?

%J:%%J
:027.035

1:3 .C20 .035
1.KS .a9 .03s

.0m2

.Cao.

.Cm6

1.1
-.4
-.4
-.
-.:
-.4
-.4
-.b
-,3
-.1
-.1 T-24.3.248-IJ3.2.440

-11.o.61?
-8.0 .827
75.5la17

::! ;:g

-2:3l:u

.0033

.COx

.0C$3

.Co.@

.c093.

;?:

.Cq4

:21
.C674

Z/c.O.*Ja .40.’W
I

%/c. o.450;a.!9 -
-L1 .44J.
4.3 .495
-3.1 ji?s
-3.1
-3.2
-3.3 :%7

$: XJ

-3:1 .9s4
-2.6Loa
-e.k1.030

&
4.3 1.0
4?.21.

X/a-0.40Q]a .4“
.Ocd
.O@
.0041
.Kn4

.Cm7

ii ‘it
-J:; :4JI
-5.5 .5%
+.6 .672
-2.0 .816
-2.8 .945
-L.61.CW
-1.31.046
-1.21.C61

m-3
.OCLT

:3.OIJ-7
.mm
.0183
.C(217
.C250

-1.70.5.’235’
-lao.o.&
-180.o.272
-L%3.o .230
4-79.8.204
-li7.5J79
-176.7.lm
-@L6 .U-g
-1~.J, .076

.0016

.0016

.CmQ

.m93

.o183

.@93

.C417

,15 1.ci13
.159 .*3
.179 .9>7
.Zce .948
.229
.245 :%7
.2% .572

Hi g

.@ .Olk

.0141

.0274

.C4ca

.0541

.C@

.C&9

.Cg41

.10*

.mk

SW&

.0917

.Wo
-
-;P ___

A.5%
:%% x .61.8
.Oca

::: :&?:% .852
.014-0-2:1 .9W
-can .%7
.0403 2:: I.wg
.C539 -2.0I.@

}037 .7M
ban .676
@3Jl .Wd
;62 .L~
:0s5 .340
.070 .262
LC69
:.(6I:%
>C62 .W

x/c-0.400:.-6° X/o.&550;G .&m-27.4.1%-17.7.349
-1.o.3.577
-%~ ::%

-4,51.q6
-2.3u.%
-1.51.236
-1.0l.m
-.-r1.251 T:$x;:Lq

.~ 1.45
,5451.433
.* 1.271

g l:g

AU .?28

.C417

.05x
JX83
.a3
.Ml?
,0s50
X93
.Ml?
.150
i.131

.$?35 1.864

.913l.m.

.%0 1.*

.9CX1.553

.8881.2CU

.~6 .65k

.73-5.276

.636 .m

.597 .@

.577 .013

.@i

.U374

.C803

.@n
JO*
.W14

I i I I
Rever6e-flOwprobe,

1 1 1
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TABLEII.- RESULTSFROMPITOT-STATICSURVEYS- Concluded

.LkL.klA wo.~
.147
.&
.=3

0.0C02 :.: 0.51 0.037o.~
.o~ 2.77 .033 .475
.0161 -Zh .88S .034 .2ks
.C@l -2.4 .954

4.3
:%

.*4 g ;g
-2.31.004

-WA -2.31.CK6 .CtzL.aYj

x/c-0 .m; a=fP

ITT.Om? .6 .1* .=
.Wm2 -2.0 .2s9 .247

-9.6 .8W
:%

.323
-U.l .869

.mu
.353

-7.6 .~ .363
.fxu -7.7 .675 .365
.CsM
.1OI.2:;:2 :% :%
.U12 -4.01.038 .a35
JF1.2 -4.01.@4 .266
.15-/8-3.5l.log .*

1.lg3
l.lao

.668
J@!

;~
.431

%
.@9

x/cm 0.650;a = 40
X/c. O.@o; a - 2“

I.Ocd -2.6
.Cfxe -2.6
.0161 -3.4

:%
-3.9
-3.9

.Cr594-3.3

.c@4 -2.6

.l@4 -2.3

.12.94-2.2

.14g4 -1.9

.470

.@5

.730

:22
.945
.ggl
1.a27
1.034
1.037

,093 .~
.lfx .73.7
.13 .602
.141 .549
-UT .3%!
.Ilg .224

:% :3
.L%3 .015
.Csl -w-f

:%
.0@9
.WJ6
.0229
.0362
.CJ@

:%

o
-2.2
-2.2
-2.0
-1.9
-1.9
-1.8
-1.8
-1.8

x
.044

%
.043
.042
.036
.ON
.030

.757

.601

.km

.315

.197

:37
.010
.m

.537

.&

.752

.856

.9.

.971
1.~
1.OE?
1.OK!

x/.. 0.8aJ;a =2°

TTT

.W02 .6 .526 .019
-1.2 .6M .017

:% -1.2 .82? .co.6
-1.0 .~ .O1.3

:% -.9 .950 .146
.0476 -.8 .$s1 .009
.c6@ -.6 .w4 .W
.0742 .5 .9s8 .CKll

.743

.636

.3k2

.195

.M-2

.045

.013

.W

X/c. 0.6CQ;m . 4“
,—

I X@ = 0.650;a = 6U

.CJm2

‘%%
.0361
.&61
.O%l
.*1

-.
:

-s0
-1.3.o
-n.3

2::
-5.5
$:

.13E

.a

.276

.419

:%
.919
1.043
l.ld
1.Y20

M
1.280
1.223
l.~
.830

:Z
.Ce8
.*

.Cvm5

.0ce9

.-

.0229

:%
.-
.0762
.@*
.lag
.IJ.62
.12g5
.1429

-1.5
-2.7
-2.8
-3.3
-3.4
4.9
-2.8
-2.5
-2.1
-1.9
-1.8
-1.8
-1.7

.k~

:2?
.747
.809
.874
.937
.977
1.Oq
1.031
1.0*
1.C40
1.CJKI

.Mg
%
.678
.5%

:R
.=9
.13
.C%5
.036
.016
.010

.120

.L36

.154

.157

.m

.134

.11.9

.420

.419

.385

.336

.303

.292

x/c- O.eao;a = 40
.1161
.Q451
.l@4

.CKm

.-

.0142

.0342

.wJ42

.0742

.6
-1.0
-1.2
-1.5
-1.3
-1.1
-.5
-.7
0
1.0

.453

.53

.7?6

.8u

.869

.W

.072

.073

.030

d%~

:%

.3s

.221

.I.lg

.048

.01.9

.@

.US’

.097

.W5

:27

.ixl

.Cgl

.d2
X/c- o.7@;a = 2“

.0G5
.6

-1.6
-1.4
-1.3
-1.2
-1.1
-1.1
-.9

jg

.832

.9CS

.953

.991
1.W

.748

.6G2

.339

.203

.lc%

.038

.013

.on

:o~

.@

.a??

.$2
l.ocg
1.CF20
1.CK24

.W

.Ca

.053

.W5

1 1 I I
x/c. o.6aJ:a. e .CKo2

.0018 .13k2
.1542.Cco2

.0=9

.0162

.0362

:%%
.0962
.IJ.62
.1362
.lm

21.5
-4.8

.135
.185
.252
.369
.552
.744

.327

.tg

.474

.492

.492

.443

.3SQ

.350

.3%

1.309
1.5
1.373
1.355
1.21.5
.940

:%
.Cal
.036

.CQ3

.01.9

.016

.016

I ) 1

x/c= 0.8CQ; a-&’-15.3
-17.8
-M.5
-9.4

$!

. m.Ooce -1.1 .~ .1~
.0076 -3.6 .4U .227
.CQog -6.3 .462 .262
.0342 -7.7 .531 .Bo
.0542 -7.6 .635 .293
.0742 -6.6 .7&l

:% m :2 ;g
.1342 -4.6
.1342 ~:.;~~4 .236
.@2 . . .2U

I.cd 1.114
1. 05s
1.048

.%9

.885

.699

::2
.-
.135
.C61

.til
1,077
L 120
1.141

x/c. 0.700;a = 40

.axR

.W1.2

.m

.0345
-@5
.0745

.6
-1.4
-1.5
-2.4
-1.7
-1.4

=k/c. o.6m; a-is
.Cno3 -1.&.3 .C&5 .3411.332
.W -179.7 .Oo1 .3671.372

1 1 r r I
everse-f k probe.
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TABLF-III.- RFSULTSFROMHOT~WI~ANEMOMETER—. .
SURVEYS : -.

,-
x ~ ~ x J@
c u c t ii

0.oc6~ 1.3290.01s 0:O&; ;.~20O.*
.CK17451.323 .(W .025
.c@25 1.31E .ti .0C9871:203 .017
.C@-781.293 .@ .a?1371.Z15 .(IL3
.012451.265 .0q3 .023871.1% .Coo

-&l_LIE
*x/e-0 ;a=2° u.242

.239

.170

:%

:%
.Co9
.W

“.”,7

;g

l:d.o
1.046
1.046

. .
.Co@
.W242
.03575
.01909
.ci?2k2
.CQ575
.03242
..0396a

0.00320I0.073 0.1o1
.Im
.203
.C09
.@
.OCB
.@
.00?

.00027

:=
.oC@7
.CKK%o
.(xlU30
.cQ157

.330
1.252
1.336
1.304
1.2’@
1.253
1.2C4

X/c . O.ol; a = 4“

.*

.452

.415

.4rL

.41J.

.417

.395

.356

.262

.210

.142

.(S4

.@3

.Lz20

.013

:%

.0x42 la? .597

. CK025 .123 .538

.00192 ! ;lWJ .575

:=5 t.l?I
.543
.51E

-w% .lm f2;
.W?y3 , .173
.e~ : .2J.6 .481
.OM’o : X3( .461
.Co260 .440

.Oml.2 .031

.03132.@?

.0X2?J4.0’79

:%g ;;
:Kw&

.148

:% :32
.03732:Joo
.ME@
.Cte-32l.cea
,0C93Z1.262
.010321.310
.Ou 1.231
.C12651.263
.W93 1.253

{ I
+/. - O.lo; a . 4“

T

o
.0W02 :;$ :-?2
.00-@ .33 .424
.o12c&? .2”f3 .4%
.Olm
.aL735 :5 :%
.CQO02 .440
.@.263 .394 .421
.@535 .536 .383

x/ca O;a-4° ’

T.0L6 .120
:%3 .CQ5 ;;%
.0C035 .039
.C0347 .6a5 :E&
.Mc60 1.318
.ooirE 1.331 .01’1
.00103 1.313 .01’f
.00150 1.299 .017
.o@70 1.269 .Olj I I

%/C= O.lo; a . 4“
Ix/c.o;a-6°

.Ou.lo

.01610

.021Lo

.Wlo

.03110

.03610

.Ohlo

.C461O

.quo

.C@lo

.Osllu

.(Mao

.299

.230

.s9

.449

.nl
1.IJ50
1.337
L337
1.333
1.315
1.297
1.290

.@

.429

.W

.390
;2~

.U29

.043

.a??

.016

.01.3

.O11

.00013 .021 .1=

.QXZ?3 .022 .21.2

:%% % :%
.Ocdl .- .432
.00075 .0i2 .439
.@3@8 .Wo .km
.@m35 .U?l .480
.cow .030 .432
.OCOJ.O.C63 .429
.CCO17 .0$$ .444

:yfi :x ::;

;Cl& :.:% :%4

.Ooln 1:- .034

.OoNJ 1.319 .026

.Cce381.303 .OIT

:Fg ;:3: :%

X/c . O.ol; a = 6°

.Cox$ .m .L27

.Om .CfJ3.333

.cd42 .103 .31k .

I
%/a=0.10;a - e

,1.WU42 .Ckl .650
.Oa?% .O-E’.510
.0C99Z.@
.- .= :%

:* ::3 :W
.0195 .217 .473
.02258.339 .443

I I x/c.i3.c?5+=#.01;

.057
Ag

.180

.lm

.lm

.L72

.U54
,1.51
.163
.237
.267
.479
.681
.99
1.0%
L.225
L.3L3
1.334

m w

:9
&

.462

.455

.44?

.M5

.433
AJ

.372

;=

.237

.1*

.M5

.d36
,041
.022

!.

X/. =

.0xl12
Xtx&

:*
.cm-m
.Ce12
.CKZ245
.0W8
.00312
.00345
.Ocryia
.0Ch2
.0CJA5
.004m
.-
.CC445

::%

leverOe-

1 –..

.ci960

.@220

.cz2h70

.1X

.145

.206

.3@t

.6ZL

.864
1.I.84
1.=
L*5
1.378
L.378

::g

.447

:ij

.423

.3Q3

.174

.073

.CA9

.fJ33

.CQ5

.CQ1

.ciL6

I I
x/c.O.lO; a=.@

.Ck213.o

.02610
.451
.434
.436
.457
:33

.237

.L?l

.C%6

.028

.017

.027+0

.02970

.03M0

.03410

.0@50

.03glo
;LiLM&

.c4460

.04910

.@w

ao4& .229 .383
.=x .*1

.- :% .3’P.

.MO.* .379

.0CZ258 .3* .337

.031.10

:3E
.CJ!-610
.@no
.O@o
.O&lo
.06610
.W

X/c . O.m; a -20-
.(XWI.7
.mlo3
.m353
.0.2S03
.ocf387
.01.137

.B6 .394

.24o .30’7

tg :=

l.a .131

,
- . ““’” 0

~

.Wom .@ .32.4
cm-m’ .4$4 .267

.0GZ42. .581 .273

X/c - 0.20; u = 2“

==RE

-.
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-
.0s+93
.CxJll.6
.olEi30
.CQ490
.03490
.dl.4go
.@go
.C#@u
.0745Q
.C$490
.c5e30

I

X/. .

TAEmIII.- RESULTSFROMHOT-WIRE
SURVEYS- Concluded

ANEMOMETER

.ULm.2

g

.772
1.d$2
1.186
1.203
1.19
1.lS
1.167

,
L & q z & ~ x g J=

-6- :
L ~

O:&;O::; cw~ ;C=0.30; = -9 .:0.O@.40 0.W4 0.075

.o14go .gq .U5 o.CWI.7 o.lgg 0.262

. Ce160 .gj6

.057 ‘:~g o:;% W&
.U$Q :% .061 .06CQ0 .*

.737 .mow .507
.c&i30 1.CQ5 .321 .aecil :2 :g;g :%& :g

.LM690

.07350
1.o12
LCQ3 ;$J

.03490 l.dl’o .152

.04830 1. ms .@
.m67 g .Im .051go .gg2 .- .lcmo 1.020 .C40

.c6160 1.CR5
.CQ703 — .n350 1.CQO .Cel

.030 . cm367 .S@ :ls
.@367 .978 .0s: X/c - 0.45; a = 4“

%/. - 0.20; a . 4“ :3% ::2 :23 :=: :~ :2 .~: O“:; ‘.:
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Figurel.-

A-19240
GeneraJ_arrangementof tbeAmes7- by 10-footwindtunnel
‘~iththefalsefloorand ceiling installed.
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A-21OO7.1

A-21OO8.1

Figure3.- Thetraversingmechanismemployedfor thepitot-staticsnd
hot-wireanemometersurveys.
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Figure4.-Theprobesemployedfor.thepitot-staticsurveys.
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Direction of mean flow relative to the Imgltudinal axis of the survey prabe, y, deg

Figure ~.- A typical calibrationforthepitot-staticprobes.
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.003 \
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denoteflush
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(figure 6 )

Pl? 4.

Wd. I I I -w-+. I q \
o .4 .8 [.2 1.6 XI O -.4 -.8 -1.2

.00I \ —

I \ I u I I 1

.004

.003

-f---H

Total-pressure‘fficient’ cPt Static-pressurecoefficient,Cp

.00I
Illu.= mu-1111I I I 1 u 1 I n-l

Ml
1 I I

o .4 .8 1.2 1.6 0 20
Velocityratio,E /U= Directionof
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Figure7.- Resultsfromthepitot-staticandhot-wire
themeemflow.
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surveys surveys denote flush

< 2° 0 @
.04

pressure
4° c1 + ‘ orifice

#. (figure6 )

.03

.02
<
>
0“ .01
~
5m
0>
$0 .4 .8 1.2 1.6 2.0 0 -.4 ‘.8 -1.2

Total-pressurecoefficient, ‘GPt Static-pressure’ coefficient, Cp

tl .05
5~
n

.04

.03

.02

.0 I

o-.4 .8 1.2 [.6 ’20 0 20 40 60
Velocity ratio, U/ UO ‘Directionof flow,O,deg

(b)X/C” = 0~01

Figure7.- Conthmed. .
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Velocity ratii, u /um Directionof flow,8, deg

(c) x/c = 0.05

Figure7.- ConttiUed.
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a Pitot-static l-lot-wire Fil[ed symbolsdenote
surveys surveys flush pressureorifice
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Velocity ratio,E/U= Directionof flow,8, deg
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(d)X/C = 0,.10

Figure7.- Continued.
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Velocityratio,ti /U= Direction of flow, 8, deg

(e)x/c = 0.20

Figure7.- Continued.
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Pitot-statica Hot- wire Filled symbolsdenote
surveys surveys flush pressureorifice

1--1-12° 0 0: I (figure 6 )
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#
“6 1
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o .4 .8 1.2
Velocity ratio, U/l& Direction of flow, 6, deg.
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— ------
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Figure7.- Continued.
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.-” Pitot-static Hot-wire Filledsymbolsdenote
Q surveys surveys flush pressure orifice
2° 0 @

.16 (figure 6 )
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Velocityratio, G/U= Directionof flow,0, deg

(g) x/c = 0.45
Figure7.- Continued.
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(h) X/C = 0.50

Figure7.- Continued.
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(i)x/c = O.&l

Figure7.- Concluded.
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Figure 8.-Conttiued.



.18

.16

.14

<.12
h
.

&Kl
?3m

~ “08

al
g .06
~~..

.04

02

0

(c) x/c = 0.60

LLim’

Figure 8.-Concluded.

. . .
,, “,,



.

NAC!.ATN3876 51

0 .1 ,2 .3 .4 .5 .6 .7
Distance along contourwhere UX=O,distance/c

.8

.02 1 t
If: Bubble, a =2”

o

lble,Q=4° Contouralong whichCix=O-u I
—.

]ble,a =6° <

‘v I I I I I
o .1 .2 .3 .4 .!5 .g

Distance along surface, x/c

Figure9.- Bubbleshapesderivedfromthemean-flowsurveysandestimated
inflowandoutflowvelocitiesacrosstineuppercontourof thebubbles.
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2 Present investigation from flow suweys

❑ Rose and Altman ( Reference 7 ) Filled symbols denote

results
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from pressure distributions I
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. Fi@.re 10. - A comparisoncd the chordwlseextent and msximum thlclmesscf the bubbles with those
reported in reference7.
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Filled symbolsdenote
I

I I I
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surveys m-th reverse-
flow probes
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(a)x/c = 0.01,0.05,0.10,and0.20

Figure11.- Resultsfromthehot-wireanemometermeasurementsof the
velocityfluctuations.
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Figure3J..- Concluded.
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Figure12.- Graphical-summaryof theflowsurveys.
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Figurel~.- ResuJ-tsfromthehot-wireanernometer’measurementsin the
immediatevicinityof theleadingedgeof theplate.
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Figure14.-Correctionsappliedto thepitot-staticmeasurementsfor the
effectsof turbulentflow.
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